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1
DIFFERENTIAL OUTPUT BUFFER

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No. 2015-10147, filed
on Jan. 22, 2015. The above application is hereby expressly
incorporated by reference, in its entirety, into the present
application.

BACKGROUND OF THE INVENTION

The present invention relates to a differential output buffer
composed of a current mode logic (CML) circuit.

FIG. 3 is a circuit diagram illustrating an example of a
configuration of a conventional differential output buffer. A
differential output buffer 30 illustrated in FIG. 3 is provided
with a differential output circuit 12, and a bias voltage
generation circuit 34 that generates a bias voltage for
controlling a current flowing in the differential output circuit
12.

The differential output circuit 12 is a CML circuit that
outputs a differential output signal corresponding to a dif-
ferential input signal, and is provided with a first switch 16a
and a second switch 165, a first internal resistor 18a and a
second internal resistor 185, a first current source 20a, a first
external capacitor 22a and a second external capacitor 225,
and a first external resistor 24a and a second external resistor
24b.

FIG. 3 illustrates the case in which a high voltage and a
low voltage are input as the differential input signal to a gate
of an NMOS (N-type MOS transistor) constituting the first
switch 16a and a gate of an NMOS constituting the second
switch 165, respectively, and thus, the first switch 16« is in
an ON state, and the second switch 165 is in an OFF state.

The differential output signal of the differential output
circuit 12 is output from a first internal node between the
first internal resistor 18a and the first switch 16a, and a
second internal node between the second internal resistor
1856 and the second switch 165.

The bias voltage generation circuit 34 is provided with a
second current source 36, and a constant current generation
circuit 38. An NMOS constituting the second current source
36 is configured with an NMOS having a size of “1/a” times
the size of the first current source 20a (“a” is a positive real
number other than zero).

Next, an operation of the differential output buffer 30 will
be described.

Here, the resistance values of the first internal resistor 18a
and the second internal resistor 185 are each represented as
R,z the resistance values of the first external resistor 24a
and the second external resistor 245 are each represented as
Rzxp the currents flowing in the first internal resistor 18a
and the second internal resistor 185 are respectively repre-
sented as 1, and I, the voltages of the first internal node and
the second internal node are respectively represented as V
and Vg, and currents flowing through the first current source
20a and the second current source 36 are respectively
represented as I ,,,; and Isormcrn-

As illustrated in FIG. 3, when a high voltage and a low
voltage are respectively input as the differential input signal
to the gate of the NMOS of the first switch 164 and the gate
of the NMOS of the second switch 165, the first switch 16a
of the differential output circuit 12 is in an ON state and the
second switch 165 thereof is in an OFF state.
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2

In this case, the current 1, flows from a high voltage
power supply through the first internal resistor 18« while the
current I; flows from the high voltage power supply through
the second internal resistor 185, the second external capaci-
tor 22b, the second external resistor 24b, the first external
resistor 24a, and the first external capacitor 22a, and the
current [, ,; that is a sum of the two currents flows to a low
voltage power supply through the first switch 16a and the
first current source 20a. As a result, the differential output
signal with the first internal node at a low voltage and the
second internal node at a high voltage is output.

In the bias voltage generation circuit 34, the constant
current Iy, rcz supplied from the constant current genera-
tion circuit 38 flows to a low voltage power supply through
the second current source 36. Since the NMOS of the first
current source 20a and the NMOS of the second current
source 36 constitute a current mirror circuit, the current
l7074, that has a volume of “a” times the volume of the
current Iy, x o flowing through the second current source
36 flows through the first current source 20a.

The voltage V, and the voltage Vi, that is, differential
amplitude V ,,=V ,—V, is determined according to the cur-
rent value of the current 1,,,,;, the resistance value R,
and the resistance value Ry,

Here, in the conventional differential output buffer 30,
there is a problem in that the differential amplitude V -V
varies. The causes of occurrence of the variation in the
differential amplitude V ,—V; are the following factors of (1)
and (2):

(1) Mismatch of a source-drain voltage V¢ between the
NMOS of the first current source 20a and the NMOS of the
second current source 36, which constitute the current mirror
circuit; and

(2) Variation in the resistance value R;,, of the first
internal resistor 18a and the second internal resistor 185.

Regarding (1), if the channel length (L. length) of the
transistor is increased in order to reduce the influence of the
mismatch of the voltage V, the variation in the current
l;074z, that is, the variation in the differential amplitude
V,~Vz can be decreased to some extent, but the size
increases.

Regarding (2), since the current I, flowing through
the second current source 36 of the mirror source of the
current mirror circuit is generated by the on-resistance of the
NMOS of'the second current source 36, the current increases
or decreases, for example, according to the variation in the
resistance value R, of the first internal resistor 184 and the
second internal resistor 185 formed on a semiconductor
chip, and thus the differential amplitude V -V varies.
Meanwhile, the resistance value Ry, of the first external
resistor 24a and the second external resistor 245 connected
to the outside of the semiconductor chip hardly varies, which
does not accord with the variation in the resistance value
R 7 of the first internal resistor 184 and the second internal
resistor 18b.

Then, the degree of influence of the variation in the
resistance value R, of the first internal resistor 18a and the
second internal resistor 185 on the differential amplitude
V ,~Vz of the differential output signal is calculated as
follows.

Since the current 1, is a sum of the current I, and the
current I, the current 1., is expressed by Equation (1).

Trorr =L Equation (1)

The current values of the current 1, and the current I are
expressed by Equations (2) and (3).
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Rt +2RExr Equation (2)

A= ——ap— lToTAL
2Rt + 2Rgxr

Rint Equation (3)

8= 55—~ l10TAL
2Rt +2Rexr

Since the voltage V, and the voltage V are calculated
with a product of the current value and the resistance value,
the voltage V, and the voltage V are expressed by Equa-
tions (4) and (5) obtained by using Equations (2) and (3).

Rivt +2RExT Equation (4)

AL LR ‘R
Ry + Ry TOTAL T RINT

Va=1axRpyr =
Rint Equation (5)

L\ — ‘R
2Ry + 2Reey | TOTALTRINT

Vg =Ig =Ry =

The differential amplitude V -V is calculated using
Equation (6) from Equations (4) and (5).

Irorar- Rivt - Rexr Equation (6)

Va-Vg=
AT Rivt + Rexr

Thus, in the conventional differential output buffer 30, the
terms of the current I,,,;, the resistance value R, of the
first internal resistor 18a and the second internal resistor
186, and the resistance value R, of the first external
resistor 24a and the second external resistor 24b are
included in the equation of the differential amplitude
V ,—Vz. Therefore, it can be seen that the differential ampli-
tude V -V varies according to the variation in the current
17074z- that is, the voltage V5, and also varies according to
the variation in the resistance value R,

FIG. 4 is an exemplary eye diagram illustrating the
differential amplitude V ,—V of the differential output buf-
fer illustrated in FIG. 3. The vertical axis of the eye diagram
illustrated in FIG. 4 indicates voltage V (mV), and the
horizontal axis indicates time. This eye diagram is for the
case in which it is assumed that the resistance value R, has
a variation of £20% due to a variation in a process. The solid
line indicates the case in which there is a variation of =20%,
the dashed line indicates the case in which there is no
variation, and the long dashed short dashed line indicates the
case in which there is a variation of +20%. As shown in this
eye diagram, it can be confirmed that, in the conventional
differential output buffer 30, the differential amplitude
V ,~Vz greatly varies according to the variation in the
resistance value R,

Here, prior art documents relevant to the present inven-
tion include JP 11-513235 A relating to an analog front-end
circuit that converts an input voltage to a differential current,
JP 2010-98590 A relating to a differential output buffer that
receives an input differential signal, and generates and
outputs an output differential signal having a desired center
voltage and desired amplitude, JP 11-41085 A relating to an
output buffer circuit that complementarily outputs data, JP
2009-225205 A relating to a CML circuit that can suppress
a variation in characteristics caused by a variation in a
manufacturing process, JP 2006-42349 A relating to a signal
level in a current mode logic circuit, and the like.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the afore-
mentioned problems in the prior art and provide a differen-
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tial output buffer capable of reducing the variation in the
differential amplitude of the differential output signal.

In order to achieve the above object, the present invention
provides a differential output buffer comprising a differential
output circuit, and a bias voltage generation circuit that
generates a bias voltage for controlling a current flowing in
the differential output circuit,

wherein the differential output circuit includes:

a first switch and a second switch, one of the first switch
and the second switch being in an ON state and another
thereof being in an OFF state according to a differential
input signal;

a first internal resistor and a second internal resistor which
are connected between a high voltage power supply and the
first switch and between the high voltage power supply and
the second switch, respectively, and have a same resistance
value;

a first current source which is connected between the first
and second switches and a low voltage power supply, and
passes a current having a fixed value according to the bias
voltage; and

a first external resistor and a second external resistor
which are connected in series between a first internal node
and a second internal node, and have a same resistance
value, the first internal node being located between the first
internal resistor and the first switch, and the second internal
node being located between the second internal resistor and
the second switch, and

the bias voltage generation circuit includes:

a third switch equivalent to the first switch or the second
switch in an ON state;

a third internal resistor which is connected between the
high voltage power supply and the third switch, and is
equivalent to the first internal resistor or the second internal
resistor;

a second current source which is connected between the
third switch and the low voltage power supply, and is
equivalent to the first current source;

a third external resistor which is connected between the
high voltage power supply and the third switch in parallel to
the third internal resistor, and is equivalent to the first
external resistor or the second external resistor; and

an operational amplifier that generates the bias voltage for
controlling currents respectively flowing in the first current
source and the second current source such that a voltage of
a third internal node, which is equivalent to the first internal
node or the second internal node, and is between the third
internal and external resistors and the third switch becomes
equal to a reference voltage equal to a voltage of the first
internal node when the first switch is in an ON state or equal
to a voltage of the second internal node when the second
switch is in an ON state.

According to the present invention, it is possible to
eliminate a current error due to a difference in the source-
drain voltage Vs between the MOS transistor of the second
current source and the MOS transistor of the first current
source by performing control such that the voltage of the
third internal node is equal to the reference voltage, and to
reduce the variation in the differential amplitude of the
differential output signal.

Further, according to the present invention, it is possible
to determine the differential amplitude by the reference
voltage, regardless of the resistance value of the first internal
resistor and the second internal resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram illustrating a configuration of
a differential output buffer in an embodiment of the present
invention.
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FIG. 2 is an exemplary eye diagram illustrating differen-
tial amplitude V -V of the differential output buffer illus-
trated in FIG. 1.

FIG. 3 is an exemplary circuit diagram illustrating a
configuration of a conventional differential output buffer.

FIG. 4 is an exemplary eye diagram illustrating differen-
tial amplitude V -V of the differential output buffer illus-
trated in FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, a differential output buffer of the present
invention will be described based on a preferred embodi-
ment illustrated in the accompanying drawings.

FIG. 1 is a circuit diagram of an embodiment illustrating
a configuration of a differential output buffer of the present
invention. A differential output buffer 10 illustrated in FIG.
1 is provided with a differential output circuit 12, and a bias
voltage generation circuit 14 that generates a bias voltage
VBIAS for controlling a current flowing in the differential
output circuit 12.

The differential output buffer 10 is configured such that a
ratio (current ratio) of a total current I, flowing through
the bias voltage generation circuit 14 and a total current
17074, flowing through the differential output circuit 12 is
“l:a” (“a” is a positive real number other than 0).

The differential output circuit 12 is a CML circuit that
outputs a differential output signal corresponding to a dif-
ferential input signal, and is provided with a first switch 16a
and a second switch 165, a first internal resistor 18a and a
second internal resistor 185, a first current source 20a, a first
external capacitor 22a and a second external capacitor 225,
and a first external resistor 24a and a second external resistor
24b.

The first switch 16a and the second switch 165 are
differential switches in which one of the first switch 16a and
the second switch 165 is in an ON state and the other is in
an OFF state according to the differential input signal, and
are configured with NMOSs in this embodiment.

FIG. 1 illustrates the case in which a high voltage and a
low voltage are input as the differential input signal to the
gate of the NMOS of the first switch 16a and the gate of the
NMOS of the second switch 165, respectively, and thus, the
first switch 16a is in an ON state, and the second switch 165
is in an OFF state.

Also in the case in which a low voltage and a high voltage
are input as the differential input signal to the gate of the
NMOS of the first switch 164 and the gate of the NMOS of
the second switch 165, respectively, the same operation as in
this embodiment is performed.

The first internal resistor 18a and the second internal
resistor 186 are internal termination resistors having the
same resistance value RINT. In this embodiment, the first
internal resistor 18a and the second internal resistor 185 are
termination resistors of 50€2. The first internal resistor 18a
and the second internal resistor 185 are connected between
a high voltage power supply that supplies the high voltage
and the first switch 164, and between the high voltage power
supply and second switch 165, respectively.

The differential output signal of the differential output
circuit 12 is output from a first internal node between the
first internal resistor 18a and the first switch 16a, and a
second internal node between the second internal resistor
1856 and the second switch 165.

While each of the first internal resistor 18a and the second
internal resistor 185 is normally configured with a polysili-
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6

con resistance or the like, each of the first internal resistor
184 and the second internal resistor 185 may also be
configured with, for example, an on-resistance of a MOS
transistor in an ON state.

The first current source 20a passes a current having a
fixed value according to the bias voltage VBIAS generated
by the bias voltage generation circuit 14. In the case of this
embodiment, the first current source 20q is configured with
an NMOS.

The NMOS of the first current source 20a is connected
between the first and second switches 16a and 165 and a low
voltage power supply that supplies a low voltage lower than
the high voltage, and the bias voltage VBIAS is input to the
gate of the NMOS of the first current source 20a.

The first external capacitor 22a and the second external
capacitor 22b are capacitive elements having the same
capacitance value, and the first external resistor 24a and the
second external resistor 245 are termination resistors having
the same resistance value Ry, In this embodiment, the first
external resistor 24a and the second external resistor 245 are
termination resistors of 50€2. The first external capacitor
22a, the first external resistor 24a, the second external
resistor 24b, and the second external capacitor 225 are
connected in series in this order between the first internal
node and the second internal node, that is, between signals
of the differential output signal.

The first external capacitor 22a and the second external
capacitor 22 are not essential components, and the first
external resistor 24a and the second external resistor 245
may be connected in series in this order between the first
internal node and the second internal node.

Next, the bias voltage generation circuit 14 is a replica
circuit of the differential output circuit 12, and is provided
with a third switch 16¢, a third internal resistor 18¢, a second
current source 205, a third external resistor 24¢, and an
operational amplifier 26.

The third switch 16c¢ is equivalent to the first switch 16a
or the second switch 165 in an ON state of the differential
output circuit 12, and is configured with an NMOS having
a size of “1/a” times the size of the first switch 16a or the
second switch 165.

The gate of the NMOS of the third switch 16¢ is con-
nected to a high voltage power supply in accordance with the
first switch 16a or the second switch 165 in an ON state.
That is, the third switch 16¢ of this embodiment is equiva-
lent to the first switch 164 in an ON state.

The third internal resistor 18¢ is equivalent to the first
internal resistor 18« or the second internal resistor 185 of the
differential output circuit 12, and is connected between the
high voltage power supply and the third switch 16c.

The third internal resistor 18¢ has a resistance value
1.5-a'R 1 that is “1.5-a” times the resistance value R, of
the first internal resistor 18a or the second internal resistor
18b.

The second current source 205 is equivalent to the first
current source 20a of the differential output circuit 12, and
is configured with an NMOS having a size of “1/a” times the
size of the first current source 20a.

The NMOS of the second current source 205 is connected
between the third switch 16¢ and a low voltage power
supply, and the bias voltage VBIAS output from the opera-
tional amplifier 26 is input to the gate of the NMOS of the
second current source 206.

The third external resistor 24¢ is equivalent to the first
external resistor 24a or the second external resistor 2456 of
the differential output circuit 12, and is connected between
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the high voltage power supply and the third switch 16¢ in
parallel to the third internal resistor 18c.

The third external resistor 24c¢ has a resistance value
“l.5-a'Rzy;" that is “1.5-a” times the resistance value of the
first external resistor 24a or the second external resistor 24b.

The resistance values of the third internal resistor 18¢ and
the third external resistor 24¢ are values when the resistance
value R, of each of the first internal resistor 18a and the
second internal resistor 185 is 50Q, the resistance value
R zx7 of each of the first external resistor 24a and the second
external resistor 24b is 502, and a ratio of the total current
Ixzp flowing through the bias voltage generation circuit 14
to the total current 1,,,,; flowing through the differential
output circuit 12 is “1:a2”, as in the case of a general CML
circuit.

Meanwhile, even when the resistance value R, and the
resistance value R, differ from those of this embodiment,
the differential output buffer 10 properly operates. In this
case, the resistance values of the third internal resistor 18¢
and the third external resistor 24¢ are determined according
to the resistance value R;,,, and the resistance value Ry
When the current ratio is “a=1", the multiplying factor “X”
of the resistance values of the third internal resistor 18¢ and
the third external resistor 24¢ with respect to the resistance
value R, and the resistance value R, can be calculated
using Equation (8).

Equation (8)

Rint +2RExt (

B Rinr )
2Rivt + 2RExr

Rexr

When the resistance value R,,,=50€ and the resistance
value R;,,=50Q as defined in this embodiment are applied
to Equation (8), the multiplying factor “X” is to be 1.5, and
by this, it can be confirmed that Equation (8) is correct.
Further, for example, when the resistance values R, of the
first internal resistor 184 and the second internal resistor 184
are each 50Q and the resistance values R, of the first
external resistor 24a and the second external resistor 245 are
each 1009, the multiplying factor “X” is to be 1.25.

The operational amplifier 26 generates the bias voltage
VBIAS for controlling the current 1,,,,; and the current
1z respectively flowing in the first current source 20a and
the second current source 205 such that a voltage of a third
internal node, which is equivalent to the first internal node
or the second internal node, between the third internal and
external resistors 18c¢ and 24c¢ and the third switch 16¢
becomes equal to a reference voltage VREF supplied from
a reference voltage generation circuit 28 such as an external
bandgap reference (BGR) circuit.

The reference voltage VREF is input to the minus input
terminal of the operational amplifier 26, and the voltage of
the third internal node is input to the plus input terminal
thereof. In this embodiment, the voltage V, of the first
internal node in the ON state is input as the reference voltage
VREF. The bias voltage VBIAS output from the operational
amplifier 26 is input to the gates of the NMOSs constituting
the first current source 20a and the second current source
205.

That is, the first current source 20a and the second current
source 205 constitute a current mirror circuit, and the ratio
between the current I, and the current I, is “1:a”.

The reference voltage VREF is set to the voltage of the
first internal node when the first switch 164 is in an ON state
or the voltage of the second internal node when the second
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switch 165 is in an ON state. That is, the reference voltage
VREF is set to a voltage equal to the high voltage of the
differential output signal.

Further, for example, when the differential output buffer
10 is mounted on a semiconductor chip, the first switch 164,
the second switch 165 and the third switch 16¢, the first
internal resistor 18a, the second internal resistor 185 and the
third internal resistor 18¢, the first current source 20a and the
second current source 205, and the operational amplifier 26
are mounted on the semiconductor chip, while the first
external capacitor 22a and the second external capacitor
22b, and the first external resistor 24a, the second external
resistor 245 and the third external resistor 24¢ are disposed
outside the semiconductor chip.

Next, the operation of the differential output buffer 10 will
be described.

Here, the currents flowing through the first internal resis-
tor 18a, the second internal resistor 185, the third internal
resistor 18¢ and the third external resistor 24c¢ are respec-
tively represented by 1, I, I and I,,, and voltages of the
first internal node, the second internal node and the third
internal node are respectively represented by V,, V and
V4 zzp- Further, a voltage of a fourth internal node between
the first switch 164 and the first current source 20a is
represented by V., and a voltage of a fifth internal node
between the third switch 16¢ and the second current source
205 is represented by V. zzp.

When a high voltage and a low voltage are respectively
input as the differential input signal to the gate of the NMOS
of the first switch 16a and the gate of the NMOS of the
second switch 1654 as illustrated in FIG. 1, the first switch
16a is in an ON state and the second switch 165 is in an OFF
state in the differential output circuit 12.

In this case, the current 1, flows from the high voltage
power supply through the first internal resistor 18« while the
current I; flows from the high voltage power supply through
the second internal resistor 185, the second external capaci-
tor 22b, the second external resistor 24b, the first external
resistor 24a and the first external capacitor 22a, and the
current 1, .,; that is a sum of the two currents flows to the
low voltage power supply through the first switch 16a and
the first current source 20a. As a result, the differential
output signal with the first internal node at a low voltage and
the second internal node at a high voltage is output.

In the bias voltage generation circuit 14, since a high
voltage is input to the gate of the NMOS of the third switch
16¢, the third switch 16¢ is in an ON state.

In this case, the current I flows from the high voltage
power supply through the third internal resistor 18¢ while
the current I, flows from the high voltage power supply
through the third external resistor 24¢, and the current Iz,
that is a sum of the two currents flows to the low voltage
power supply through the third switch 16¢ and the second
current source 205.

Here, the voltage V, of the first internal node is a value
that can be calculated from the differential amplitude of the
differential output signal. Therefore, the reference voltage
VREF is controlled to be a voltage equal to the voltage V ,
of the first internal node, and using the operational amplifier
26, the current I, flowing through the second current
source 205 is controlled by the bias voltage VBIAS such that
the voltage V, zzp of the third internal node becomes equal
to the reference voltage VREF. Consequently, the voltage
V, rep 0f the third internal node becomes a voltage equal to
the reference voltage VREF, that is, the voltage V, of the
first internal node.
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Since the voltage drop (Drop) caused by the first switch
16a and that by the third switch 16¢ are equal to each other,
the voltage V. of the fourth internal node between the first
and second switches 16a and 165 and the first current source
20a ultimately becomes equal to the voltage V. zp of the
fifth internal node between the third switch 16¢ and the
second current source 205. That is, it is possible to eliminate
a current error caused by the difference in the source-drain
voltage V. between the NMOS of the second current
source 205 that is the mirror source of the current mirror
circuit and the NMOS of the first current source 20a that is
the mirror destination thereof.

Further, the current I, is calculated using Equation (9).

Irgp = Equation (9)

Va __ Rwr+Rexr
(15-a-Rexr //1.5-a-Riyp)  15-a-(Rvr - Rexr)

The relationship between the current 1,,,,; and the cur-
rent I, is expressed by Equation (10).

Irorar=Ipep Equation (10)

The differential amplitude V-V is expressed by Equa-
tion (11) by assigning Equations (9) and (10) to Equation
(6).

V-Ve=23V, Equation (11)

Since the reference voltage VREF=voltage V ,, Equation
(11) is expressed by Equation (12).

[Math. 10]

V4-Ve=23Vrer Equation (12)

That is, in the differential output buffer 10 of this embodi-
ment, the terms of the resistance value R, of the first
internal resistor 184 and the second internal resistor 185 and
the resistance value Ry, of the first external resistor 24a
and the second external resistor 245 are deleted from the
equation for the differential amplitude V ,—V, and only the
term of the differential output voltage V , is left. Therefore,
the differential amplitude V ,~V can be determined by the
reference voltage VREF, regardless of the resistance value
R 7 of the first internal resistor 18a and the second internal
resistor 185.

For example, the current 1,,,,; is assumed to be 8 mA.
If the resistance value Ry, of each of the first external
resistor 24a and the second external resistor 245 is 50€2 (the
combined resistance value of the two resistors is 100€2) and
the resistance value R, of each of the first internal resistor
18a and the second internal resistor 1856 is 50€2, when these
values are assigned to Equation (6), the differential ampli-
tude V -V is 200 mV.

In the conventional differential output buffer 30, if the
resistance value R;, - of the first internal resistor 184 and the
second internal resistor 185 is assumed to increase by 10%
due to the variation, the resistance value R;,-is 55Q. In this
case, the differential amplitude V -V is 209.5 mV, and an
error occurs.

In contrast, in the differential output buffer 10 of this
embodiment, the voltage V , is calculated to be 300 mV from
Equation (4). That is, the reference voltage VREF supplied
from the reference voltage generation circuit 28 is 300 mV.

In the differential output buffer 10 of this embodiment,
since the value of the differential amplitude V -V is
determined only with the value of the reference voltage
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VREF, when VREF=300 mV is applied to Equation (12), the
differential amplitude V ,—V is 200 mV, and this differential
amplitude does not depend on the variation in the resistance
value Ry, of the first internal resistor 18a and the second
internal resistor 185.

FIG. 2 is an exemplary eye diagram illustrating the
differential amplitude V ,—V of the differential output buf-
fer illustrated in FIG. 1. As with FIG. 4, the vertical axis of
the eye diagram illustrated in FIG. 2 indicates voltage V
(mV), and the horizontal axis indicates time. This eye
diagram is for the case in which it is assumed that the
resistance value R, has a variation of £20% due to a
variation in a process. The solid line indicates the case in
which there is a variation of —20%, the dashed line indicates
the case in which there is no variation, and the long dashed
short dashed line indicates the case in which there is a
variation of +20%. As shown in this eye diagram, it can be
seen that in the differential output, buffer 10 of this embodi-
ment, even when the resistance value R, varies, the
differential amplitude V -V hardly varies.

In the case in which the resistance values of the third
internal resistor 18¢ and the third external resistor 24¢ are
respectively not resistance values that are “X-a” times the
resistance value R,,,-of the first and second internal resistors
184 and 185 and “X-a” times the resistance value R - of the
first and second external resistors 24a and 245, the terms of
the resistance value R, and the resistance value R, are
not completely deleted from the equation for the differential
amplitude V-V . However, even in this case, it is possible
to reduce the variation in the differential amplitude V -V
as compared to the conventional differential output buffer.

The present invention is basically as described above.

Hereinbefore, the present invention has been described in
detail, but the present invention is not limited to the above-
described embodiment. Needless to say, the present inven-
tion may be improved or modified in various ways within a
scope that does not depart from the gist of the present
invention.

What is claimed is:

1. A differential output buffer comprising a differential
output circuit, and a bias voltage generation circuit that
generates a bias voltage for controlling a current flowing in
the differential output circuit,

wherein the differential output circuit includes:

a first switch and a second switch, one of the first switch
and the second switch being in an ON state and another
thereof being in an OFF state according to a differential
input signal;

a first internal resistor and a second internal resistor which
are connected between a high voltage power supply and
the first switch and between the high voltage power
supply and the second switch, respectively, and have a
same resistance value;

a first current source which is connected between the first
and second switches and a low voltage power supply,
and passes a current having a fixed value according to
the bias voltage; and

a first external resistor and a second external resistor
which are connected in series between a first internal
node and a second internal node, and have a same
resistance value, the first internal node being located
between the first internal resistor and the first switch,
and the second internal node being located between the
second internal resistor and the second switch, and

the bias voltage generation circuit includes:

a third switch equivalent to the first switch or the second
switch in an ON state;
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a third internal resistor which is connected between the
high voltage power supply and the third switch, and is
equivalent to the first internal resistor or the second
internal resistor;

a second current source which is connected between the
third switch and the low voltage power supply, and is
equivalent to the first current source;

a third external resistor which is connected between the
high voltage power supply and the third switch in
parallel to the third internal resistor, and is equivalent
to the first external resistor or the second external
resistor; and

an operational amplifier that generates the bias voltage for
controlling currents respectively flowing in the first
current source and the second current source such that
a voltage of a third internal node, which is equivalent
to the first internal node or the second internal node,
and is between the third internal and external resistors
and the third switch becomes equal to a reference
voltage equal to a voltage of the first internal node
when the first switch is in an ON state or equal to a
voltage of the second internal node when the second
switch is in an ON state.

2. The differential output buffer according to claim 1,

wherein when each of the resistance values of the first
internal resistor and the second internal resistor is R,
and each of the resistance values of the first external
resistor and the second external resistor is Ry, the
third internal resistor and the third external resistor
respectively have a resistance value of “X” times the
resistance value R, and a resistance value of “X”
times the resistance value Ry, where “X” is calcu-
lated by Equation (13).

Equation (13)

Rint +2RExt (

B Rinr )
2Rivt + 2RExr

Rexr

3. The differential output buffer according to claim 2,
wherein the third switch is configured with the first switch
or the second switch, and the second current source is
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configured with a transistor having a size of “1/a” times
a size of the first current source (“a” is a positive real
number other than zero), and

the third internal resistor has a resistance value of “X-a”
times the resistance value R, and the third external
resistor has a resistance value of “X-a” times the
resistance value Ry r

4. The differential output buffer according to claim 3,

wherein a first external capacitor and a second external
capacitor have a same capacitance value, the first
external capacitor is connected between the first inter-
nal resistor and the first external resistor, and the second
external capacitor is connected between the second
internal resistor and the second external resistor,
respectively.

5. The differential output buffer according to claim 2,

wherein a first external capacitor and a second external
capacitor have a same capacitance value, the first
external capacitor is connected between the first inter-
nal resistor and the first external resistor, and the second
external capacitor is connected between the second
internal resistor and the second external resistor,
respectively.

6. The differential output buffer according to claim 1,

wherein a first external capacitor and a second external
capacitor have a same capacitance value, the first
external capacitor is connected between the first inter-
nal resistor and the first external resistor, and the second
external capacitor is connected between the second
internal resistor and the second external resistor,
respectively.

7. The differential output buffer according to claim 1,

wherein each of the first internal resistor, the second
internal resistor, and the third internal resistor is con-
figured with a polysilicon resistance.

8. The differential output buffer according to claim 1,

wherein each of the first internal resistor, the second
internal resistor, and the third internal resistor is con-
figured with an on-resistance of a MOS transistor in an
ON state.



